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Abstract 
The current technological trend in automotive navigation systems is toward “Display Audio” systems connected to a smartphone. 
However, there are some issues stemming from the differing life cycles of on-vehicle information devices and smartphones. 
Therefore, we expect that Display Audio will result in simple I/O devices connected via smartphones and a car-based network 
(e.g., Controller Area Network). However, there are numerous situations when it is necessary for a driver to easily and safely 
operate on-vehicle information devices. In this paper, we first discuss various types of on-vehicle information devices, and their 
intended use in driving situations. Second, we discuss the relation of those situations to various on-vehicle information 
applications. Third, we propose a simple user interface (UI) for connecting on-vehicle information devices. To conclude, we 
discuss the UI for on-vehicle information devices, based on context-aware technologies.   
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1. Introduction 
Currently, on-vehicle information devices (e.g., car navigation systems) are widely utilized as route guidance 
systems. On-vehicle information devices are utilized as audio control devices and traffic information displays. 
 
 
* Corresponding author. Tel.:+81-462-291-3142 ; fax:+81-466-242-8490 
E-mail address:kiyohara@ic.kanagawa-it.ac.jp 
 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of KES International.
1636   Seiji Matsuyama et al. /  Procedia Computer Science  35 ( 2014 )  1635 – 1643 
Conventional
On-vehicle information device Display Audio
USB WiFi, etc.
CAN, etc.
Both applicatios
are synchronized
 
Fig. 1  Various types of on-vehicle information devices 
 
 
 
 
However, the devices’ maps and software must be updated frequently. Therefore, car navigation applications that 
utilize “Display Audio” are being replaced with conventional on-vehicle information devices. In Fig. 1, different 
types of vehicle information devices are shown. 
Display Audio must be connected to a smartphone carried by the driver or a fellow passenger. Applications on 
the Display Audio system are synchronized with the corresponding applications on the connected smartphone, as 
shown in Fig. 1. Currently, a large number of people carry smartphones. Moreover, Display Audio is a relatively 
inexpensive product. Therefore, it should be widely popular.  
However, applications must be installed on both the Display Audio system and the smartphone, and both devices 
must be connected to each other  by WiFi, Bluetooth, or USB. Moreover, the corresponding applications on both 
devices must be synchronized. Specifically, corresponding applications must be the same version, or the 
synchronization protocol must be the same. However, the life cycles of both products are typically not equivalent.  
Therefore, we expect on-vehicle information devices to contain a display, touch sensors, audio functions, and 
networking capability with smartphones and on-vehicle networks (e.g., controller area network, etc.). In this case, no 
applications are installed on the vehicle information device, as shown in Fig.2. Operations that may result in a driver 
distraction problem should be prohibited while the vehicle is being driven. Therefore, smartphones should receive 
extensive vehicle status information from the on-vehicle information devices connected with the vehicle’s network 
(CAN, etc.). 
In this paper, we discuss a user interface based on these types of vehicle information devices. In section 2, we 
discuss various driving situations. In section 3, we discuss capabilities of the on-vehicle information devices in the 
various driving situations. In the section 4, we display the features and operations for these devices, discuss the 
number of operations, and present some related works. In the section 5, we propose an intelligent user interface 
based on context-aware technologies. In section 6, we discuss the user interface’s implementation and evaluation. 
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Fig. 2  We expect on-vehicle information devices 
 
 
 
2. Various driving situations 
2.1. Situations in various locations 
Drivers may check numerous types of information utilizing on-vehicle information devices. The type of 
information accessed typically depends on driving situations. Specifically, driving locations indicate the 
information that drivers intend to access. 
Situations that depend on the driving location can be classified as follows: 
 
1. Driving a very familiar route. For example, near home, work, etc. 
2. Driving an unfamiliar road where the driver has previously driven. 
3. Driving an unfamiliar road where the driver has not previously driven. 
 
When a driver is driving near their home, they may not need to view the map or receive route guidance. 
However, they may want to change the music selection or the radio channel. If driving on an unfamiliar route, 
many drivers will want to access the map or Point of Interesting information. 
These requirements depend on the situations encountered in the various locations. However, these requirements 
further depend on other situations, such as the speed of the vehicle and the number of vehicles on the road, 
weather conditions, etc.  
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Fig. 3  State transition table among various vehicle speeds 
2.2.  Situations while driving at various speeds 
Situations influenced by driving speed can be classified as follows: 
 
1. Driving at High speed. (e.g., on the freeway, on a road with few vehicles, etc.) 
2. Driving at Slow speed. (e.g., on narrow roads, on a road where a traffic jam has occurred, etc.) 
3. Stopping (e.g., at traffic signals, in traffic jams, etc.) 
4. Parking (e.g., in the parking gear position, side braking, etc.) 
These situations can be changed according to state transition tables, with events such as stepping on the 
accelerator, stepping on the brake, activating the handle brakes, and changing the gear position. Fig. 3 shows a state 
transition table example for various speeds. Numerous operations for on-vehicle information devices should be 
restricted depending on the various speed situations. These operations depend on the application selected by the 
driver. 
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Table 1. Operations in each status 
Application Operation High driving speed Slow driving speed Stopping Parking 
Car Navigation 
Map watching ok ok ok ok 
Route Guidance ok ok ok ok 
Setting - - ok ok 
Audio 
Listening ok ok ok ok 
Tuning - - ok ok 
Selecting - - ok ok 
Movie 
TV - - - ok 
DVD - - - ok 
Internet 
Browsing - - - ok 
SNS - - ok ok 
Email - - - ok 
Other applications  - - - - 
 
 
 
 
3.  Various device pperations while driving 
Vehicle information devices typically include applications such as auto navigation systems, audio and video 
systems, web access, and others. Application utilization is influenced by factors such as the driver’s personality, 
location, and speed of the vehicle. In Table 1, the operations of numerous applications are listed, and whether the 
operation should be permitted during each of the situations shown in Fig. 1. 
For example, “map watching,” “route guidance,” and “listening to the audio system” should be permitted in every 
situation. However, because of safety concerns, other applications’ operations should not be permitted while driving. 
The driver may want to use applications sequentially. Therefore, it is critical to provide the driver the ability to 
utilize applications sequentially in a simple and safe manner. 
One of our previous studies1 focused on the number of operations in these cases. In this study, applications are 
accessed from an HTML5 browser, and each application is assigned to a browser tab. In the typical smartphone, two 
operations might be needed to change the application. The first operation ends the current application’s execution. 
The second operation starts the new application. However, using the HTML5 browser enables us to change the 
application with a single operation. Another previous study2 focused on the method of operations such as mouse 
clicks for the Head-Up-display (HUD) type of on-vehicle information device. Both HUD and our proposed devices 
should not be operated by touch sensors. Therefore, another method is required. There are numerous current 
methods, such as control by voice, control by gesture, and control by accelerometer. We compared various methods, 
and ultimately focused on the simple operations of Tap and Double Tap, utilizing the accelerometer. These 
operations were selected because they must be recognized in a noisy or dark environment.    
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Fig.4 Dependency of applications on smartphones 
 
 
 
 
4. Operation features 
On smartphones, applications are launched by selecting them from the launchers view. Typically, users tap the 
application’s icon. Subsequently, the selected applications are launched and user taps the home button, the home 
view is displayed, and the user can select another application. 
Fig. 4 illustrates the dependency of applications on the smartphone. If the driver launched application 1 and 
subsequently needs to launch application 2, the driver must suspend application 1 by selecting the home button, then 
launch application 2 from the launcher menu. There are numerous pages in the menu, because it contains menu 
items related to the on-vehicle information device as well as the mobile device. This reflects the fact that a large 
number of applications have been installed. However, the driver may utilize only a few applications because they 
cannot perform complex operations except when the vehicle is parked.  
We define the requirements for the user interface of the on-vehicle information device as follows, to safely 
accommodate driving situations: 
 
1. No menus: A limited number of applications should be started directly. 
2. No touch operations.  
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Cyclically changed
 
Fig. 5. Applications are cyclically changed 
 
Moreover, in driving situations, the number of operations should be reduced.  
 
 
5. Proposed methods 
5.1. User interface based on HTML5 
In the vehicle, the driver may use a limited number of applications in driving situations. Therefore, the 
applications should not be launched by touch-based operations or pointing devices. The applications should be 
launched by the same action cyclically. For example, if the driver selects application 1, then subsequently selects 
application 3, the first action changes the selection to application 2, and the second, same action changes the 
selection to application 3. (See Fig. 5) 
This type of interface is simple to implement utilizing the HTML5 browser, because there are no differences 
between the applications installed on the smartphone and the applications accessed through the network.  
5.2. User interface based context-awareness technologies  
Drivers on a familiar route near their home typically will not utilize the route guidance system. However, they 
may require the route guidance system while driving through unfamiliar locales (See Fig. 6). In such cases, if the on-
vehicle information device could obtain driving history information, the device can formulate a guess based on that 
data. This is the context-aware technology mentioned earlier in the paper. We propose that these context-aware 
technologies be applied to on-vehicle information devices. 
5.3. Related works 
There are abundant studies related to context-aware technologies3. This study discusses the platform to develop a 
context-aware application on the mobile phone, with limited difficulty. Currently, smartphones are the preferred 
platform to develop context-aware applications, because of ready access to the accelerometer and GPS. The study4  
is applied to vehicle information devices. However, the system is too large-scaled. In our previous studies5,6, we 
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Fig. 6 Different requirements for applications according to the driving situation 
Table 2.  Context and threshold 
Terms Context Threshold 
Velocity 
High speed More than 30 km/h 
Low speed Less than 30 km/h 
Stopping 0 km/h, braking 
Parking Gear position is N or P,  handle braking on 
Location 
Very familiar place More than five times history on that road 
A little familiar place More than one time history on that road 
No- familiar place First visited road 
Traffic 
Traffic jam Distance of other vehicle is less than 10 m  
No traffic  jam Distance of other vehicle is more than 10 m 
 … …- 
demonstrated that many applications are not dependent on the context of the smartphone, because smartphone 
owners use applications such as email and SNS. 
6. Implementations and evaluations 
Implementations are straightforward. Currently, HTML5 browsers are installed on numerous smartphones. Fig.7 
shows the map and music applications, which have analogous views. This implementation is not sufficient to reduce 
a driver’s distraction. Therefore, it should be implemented in a manner that enables one application to utilize one tab. 
In any case, the application is implemented utilizing HTML 5 and is achieved with limited difficulty.  
Therefore, the issue is only how to recognize the driving situation. In Table 2, the parameters are listed. In this 
table, thresholds are defined. However, the thresholds should be decided after the evaluation. The primary problem 
is how to recognize the situation. (e.g., handle braking on or off, velocity of the vehicle, etc.). Currently, we 
implemented on the smartphone utilizing a USB port connected to the OBDII port on a vehicle. GPS and timer 
utilize smartphones sensors. 
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Fig. 7 Application on the HTML5 browser 
 
7. Conclusions and future work 
We proposed a user interface for on-vehicle information devices based on context-aware technologies. After 
discussing how the user interface for on-vehicle information device should be designed, we display a user interface 
based on the HTML5 browser. Finally, we list the thresholds for the various driving situations. 
In future work, we evaluate our system utilizing actual drivers. However, this is somewhat dangerous. Therefore, 
we use a driving simulator at first. Subsequently, we evaluate our user interface on the public roads. 
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